• The overcoats (currently diamond-like carbon) must be extremely thin, smooth, dense, hard and pinhole-free in order to continue to provide sufficient mechanical and tribological protection as well as serving to inhibit corrosion of the head and disk materials.
• It has been reported that the microstructure and surface morphology of thin films is influenced by the mass of the sputtering gas, which affects the kinetics of the sputtered atoms and the gas neutrals [3] .
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• The energy of the impinging ions on the growing surface is known to be a crucial factor in controlling the film hardness, density [4] and stress state.
• Our group has used a pinhole-decoration technique to magnify otherwise unobservable nm-scale surface defects in CN x , thus assessing CN x overcoat coverage [5].
• In this context, the effect of various sputtering gases (Ar, Kr and Xe) on CN x roughness, density, coverage, stress and nanomechanical properties has been studied in this work. 43-48 (1996) . Quantitative 3-parameter roughness analyses of 10 nm-thick CN x deposited using Ar, Kr and Xe were carried out by AFM as a function of pN 2 , using the height-to-height correlation function, H (r) [6] . 
Using a 3 µm 2 scan area in all cases, we obtained the usual rms vertical roughness (or interface width), w, the correlation (lateral) length, l, and the roughness exponent, α, which is indicative of the "jaggedness" of the topography. The University of Alabama • Fig. 2 shows that as the mass of the sputtering gas increases, the rms roughness decreases from above 1.00 nm to below 0.50 nm (pN 2 >8%). An ultra-smooth CN x overcoat (rms < 0.20 nm) is obtained using Xe at pN 2 % = 8 %.
• The increasing mass of the sputtering gas will affect the kinetics of the sputtered carbon atoms and the gas neutrals, which, in turn, affect surface mobility and lead to a decrease in surface roughness. Deposition rate and residual stress of CN x Fig.4 . Deposition rate and compressive stress dependencies of the pN 2 for CN x deposited using Ar, Kr and Xe.
• Fig. 3 shows that as the mass of the sputtering gas increases, the density of CN x slightly increases, which, in turn, increases the hardness of CN x
• Fig. 4 Pin-Hole Density of CN x (a) (b) Fig.5 . Pinhole density as a function of CN x (pN 2 8%) overcoat thickness (a) and SEM images of decorated samples illustrating Cu structures grown on the pinholes of 3-nm-thick CN x (pN 2 8%) deposited using Ar (b), Kr (c) and Xe (d).
